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GALANIN 

This invention relates to galanin, including analogues thereof and its uses. 

Galanin is a 29 amino acid neuropeptide which was first isolated from porcine intestine in 
1983. Subsequently, the cDNA for galanin was cloned from a rat anterior pituitary library 
in 1987. Nucleotide and amino-acid sequence analysis suggests that galanin is unrelated to 
any of the other known families of regulatory peptides, and remains the only member of its 
family. The N-terminal portion of galanin is highly conserved between species, there being 
variation in the C-terminal portion. 

Galanin has a widespread distribution in the peripheral and central nervous systems, gut 
and pancreas. It is found in highest levels in the median eminence of hypothalamus and in 
the pituitary 

W092/12997 (General Hospital Corporation), published in 1992, discloses the sequence 
of human galanin. There is a discussion of studies by other workers involving the 
administration of rat galanin or its N-terminal fragments to augment the effect of morphine 
and this patent application suggests that galanin can be expected to exhibit analgesic 
effects such that it may be administered alone or in combination with other analgesics. 
The application claims the use of galanin or its analogues in the treatment of pain and the 
use of galanin antagonists in the treatment of certain other conditions. 

WO92/20709 (Astra AB) discloses a number of putative galanin antagonists. The 
antagonists which are described are all based on the first 12 amino acids of galanin 
followed by partial sequences of other peptides i.e. chimeric peptides. Some may be 
agonists, some antagonists and some may be both depending on the receptor subtype. The 
application discloses that the antagonists may be useful for treatment of insulin-, growth 
hormone-, acetyl choline-, dopamine-. Substance P-, Somatostatin-, and 
noradrenaline-related conditions including endocrinology, food intake, neurology and 
psychiatry, Alzheimer's type dementia, analgesia, intestinal disease. The application 
discloses the results of studies using some of the antagonists described therein on various 



wo 98/03059 „ PCT/GB97/01991 

2 

effects such as galanin inhibition of glucose stimulated insulin release; galanin induced 
inhibition of scopolamine induced ACh hippocampal release; galanin induced facilitation 
of the flexor reflex; the displacement of bound iodinated galanin in membrane binding 
studies. There is a suggestion in the application that the antagonists may be indicated for 
analgesia but there is no disclosure in the application of results to this effect. 

Approximately 2-4% of the Western population suffer from diabetes mellitus and, of those 
people ,10-15% suffer from chronic pain and numbness in their extremities-termed 
"painful neuropathy". Present techniques for management of painful neuropathy are 
inadequate. 

Alzheimer's disease is a major cause of morbidity worldwide the disease being 
characterised by loss of memory and personality changes. At an anatomical level there is a 
major decrease in the number of cholinergic nerves in the hippocampus, which is the main 
area of the brain thought to process and store memories. Previous work has shown that 
galanin is also expressed in these hippocampal nerves and the levels of galanin are two 
fold elevated in the brains of patients with Alzheimer's disease. 

The present invention relates to the generation of a mouse with targeted disruption of the 
galanin gene; experiments using the mouse, and the implication of the results of those 
experiments for the treatment of disease. In particular, the invention relates to the 
generation of a mutant mouse carrying a loss-of-function germ-line mutation of the galanin 
locus. The inactivating mutation has been introduced into the mouse genome utilising 
targeted mutagenesis in embryonic stem cells by homologous recombination. The 
mutation, when bred to homozygosity on the inbred 129sv background, affects feeding 
behaviour, lactation and pain sensitivity. The mutation may also affect memory and 
behaviour, sexual reproduction and fertility and insulin secretion with resultant changes in 
circulating blood glucose levels. 

According to first aspect of the invention there is provided the use of a galanin agonist in 
the preparation of a medicament for the treatment of nerve damage. 
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According to a second aspect of the invention there is provided a method of healing, 
preferably repairing, nerve damage in a subject comprising administering to the subject a 
galanin agonist. 

According to another aspect of the invention there is provided a method of treatment 
of Alzheimer*s disease and related diseases and conditions, the method comprising 
administering a galanin agonist to a subject. 

In a further aspect of the invention, there is provided a method of improving memory, 
enhancing memory and improving cognitive function, comprising administering a galanin 
agonist to a subject. Advantageously, such treatment may be used in the treatment of 
restoring memory after injury or trauma. 

According to a further aspect of the invention there is provided the use of a galanin 
antagonist in the preparation of a medicament for the suppression of lactation and also a 
method of suppressing lactation in a manmial, the method comprising administering a 
galanin antagonist to that mammal. 

According to another aspect of the invention there is provided a composition comprising a 
galanin antagonist for the treatment of prolactinoma in a mammal and also the use of a 
galanin antagonist in the preparation of a medicament for the treatment of prolactinoma 
and a method of treating prolactinoma in a mammal suffering from prolactinoma, the 
method comprising administering a galanin antagonist to that mammal. 

The invention further provides galanin agonists suitable for use in the treatment of 
Alzheimer's disease, related diseases and conditions and in the improvement of memory 
and cognitive function. Also, the invention provides the use of a galanin agonist in the 
preparation of a medicament for the treatment of Alzheimer's disease and related diseases 
and conditions, and in enhancing memory and cognitive function. 
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According to a further aspect of the invention there is provided an analgesic composition 
comprising a galanin antagonist and, in addition, the use of a galanin antagonist in the 
preparation of a medicament for the treatment of pain. 

According to a further aspect of the invention there is provided a method of suppressing 
pain in a mammal, the method comprising administering a galanin antagonist to that 
manunal and, in addition, the use of a galanin antagonist in the preparation of a 
medicament for the treatment of painful neuropathy. 

According to a further aspect of the invention there is provided an appetite suppressant 
composition comprising a galanin antagonist and, in addition, the use of a galanin 
antagonist in the preparation of a medicament for the suppression of appetite. This aspect 
of the invention also provides a method of suppressing appetite in a mammal, the method 
comprising administering a galanin antagonist to that mammal. 

According to a further aspect of the invention there is provided an anaesthetic composition 
comprising a galanin antagonist and, in addition, the use of a galanin antagonist in the 
preparation of an anaesthetic composition. This aspect of the invention also provides a 
method of anaesthetising a mammal, the method comprising administering a galanin 
antagonist to that mammal. 

According to a further aspect of the invention there is provided a mammal, preferably a 
rodent, which lacks a functional galanin gene. The term "galanin" embraces all known 
galanins including, for example, human, rat, murine and porcine galanin and also 
analogues of galanin having the biological activity of galanin. The galanin gene may have 
been inactivated by at least partial deletion of the galanin gene sequence between the Bam 
HI and Bgl2 restriction sites indicated by asterisks in the accompanying Fig. 3. Where the 
mammal is a rodent, it is preferably a mouse. Other mammals such as sheep and rats are 
contemplated. 

According to another aspect of the invention there is provided tissue, cells and cell lines 
derived from the mammal in accordance with the first aspect of the invention. Preferably, 
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the tissue, cells or cell lines include cells from pancreas, pituitary, cortex, dorsal root 
ganglia, or are derived from such cells. 

The mammal or tissue, cells and cell lines of the invention may be used in an assay to 
study one or more biological effects of galanin. The biological effect may be selected 
from, for example, prolactin secretion, appetite, memory, behaviour, pain, autotomy 
following axotomy, growth or the repair of nerve damage. 

Embodiments of the invention will now be described, by way of example only, with 
reference to the accompanying drawings Figures 1 to 16 in which: 

Fig. 1 illustrates the genomic structure of mouse galanin; 

Fig. 2 illustrates the targeting vector used in producing the rodent of the invention; 

Fig. 3 illustrates the specific recombination event in the production of the rodent in 
accordance with the invention; 

Fig. 4 illustrates the genotype of the progeny determined using Southern blotting and by 
PGR demonstrating identical results from the same litter derived from a mating of two 
heterozygote animals; 

Fig. 5 illustrates the weight gain and final body weights of wild-type and mutant animals 
over the first 8 weeks of life; 

Fig. 6 illustrates results of experiments on behavioural responses of intact adult mice to 
thermal and mechanical stimulation; 

Fig. 7 illustrates the effect of galanin inactivation on autotomy behaviour after sciatic 
nerve section; 
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Fig. 8 illustrates the effect of galanin inactivation on short term regeneration of sensory 
neurons; 

Fig. 9 illustrates the effect of galanin inactivation on long term regeneration of sensory 
neurons; 

Fig 10 illustrates expression of an exon 6-specific riboprobe to study the distribution of 
galaninergic neurons in the brain and dorsal root ganglion of wildtype and mutant mice; 

Fig. 1 1 illustrates the effect of galanin inactivation on anterior pituitary prolactin content; 

Fig. 12 illustrates the effect of galanin inactivation on anterior pituitary thyroid 
stimulating hormone content; 

Fig. 13 illustrates the effect of galanin inactivation on anterior pituitary growth hormone 
content; 

Fig. 14 illustrates the effect of galanin inactivation on anterior pituitary luteinizing 
hormone content; 

Fig 15 illustrates the effects of galanin inactivation on the generation of long term 
potentiation in the stratum radiatum area of the hippocampus; and 

Fig 16 illustrates the effects of galanin inactivation on the generation of long term 
potentiation in the stratum oriens area of the hippocampus. 

To generate a mouse knockout, that is the introduction into the mouse genome of either a 
loss- or gain-of-function mutation of a specific gene locus ( according to the procedure 
described in Kuehn, M. R. et al Nature. 1987; 326: 295-8; Thomas, K. R. and Capecchi, 
M. R. Nature. 1986; 324: 34-8) , entails a number of steps:- (1) the cloning of the mouse 
genomic locus of interest; (2) the construction of a targeting vector such that the 
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locus/gene of interest is modified to inactivate or alter its structure and function in some 
way; (3) introduction of the targeting vector into an embryonic stem cell library and 
selection and identification of single cell clones in whom the appropriate correct targeting 
event has taken place and in whom the normal chromosomal number is unchanged; and 
(4) introduction of such clones into 3.5 day old blastocysts and the resulting chimeric mice 
mated to wild types of the opposite sex. The resulting offspring demonstrated to carry the 
mutation are thus heterozygotes and, by appropriate mating, homozygotes for the 
introduced mutation are bred. 

As a first step the murine galanin gene was cloned. A mouse genomic library (Ehrich, E. 
et al Gene. 1987; 57: 229-37) was screened using the full length rat galanin cDNA as a 
probe under high stringency. Two cosmid clones were identified spanning 60Kb around 
the galanin locus. Using 5' and 3' probes from the rat cDNA a 14 Kb region of DNA 
containing the entire gene was subcloned and partially sequenced. From the genomic 
sequence, primers were designed complementary to untranslated exonic regions of the 
gene. A 630bp fragment was generated by RT-PCR (Kit supplied by INVITROGEN B V, 
The Netherlands) using adult female whole brain as a source of mRNA. Subsequent 
sequencing of this fragment demonstrated that mouse and rat galanin are 100% identical at 
the protein level and 94.8% at the nucleotide level. The genomic structure of the mouse 
gene (Fig. 1) is identical to that of the rat gene. The gene spans 4.8Kb and consists of six 
exons. The translation start site (AUG) starts at the first base of exon two, the coding 
region for galanin extends across exons three and four with the stop codon (UGA) in the 
middle of exon six. 

Using the 14Kb subclone described above, a positive/negative selection targeting vector 
was constructed (Fig. 2). The mutation introduced removes the first five exons containing 
the entire coding region of the galanin peptide (Fig. 3). 

In Fig. 3: A and B are the sites of the external probes used to screen the ES cells for the 
appropriate integration of the construct 



Neo = neomycin resistance gene 
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HSV-TK= herpes simplex virus thymidine kinase gene 

B =BamHI 
E=EcoRl 
X=Xhol 
Bg=Bgl2 

In particular, the targeting vector removes a 3.2Kb stretch of DNA and thus removes the 
first 5 exons of the galanin gene. The exact sites flanking the stretch of DNA removed are 
5' - the Bam HI site lObp downstream from the transcriptional start site and the 3' site is 
the Bgl2 site in the middle of intron 5. These sites are indicated with asterisks in Fig. 3. 
Other sites that could be used are the same 5' site and a differing 3* Xhol site in intron 4 
which would remove only 2.9Kb of DNA and thus remove only first 4 exons. 

This vector was linearised and eiectroporated into the E14 embryonic stem-cell (ES) line 
(Hooper, M. et al Nature. 1987; 326: 292-5). Restriction mapping of the wildtype locus 
with Bgin generates a 9.3Kb fragment when probed with a 5' external probe (marked A, 
Fig 3), whilst the correctly targeted locus generates a 4,4 Kb fragment. In total, 9 clones 
were identified in which one allele of the galanin gene was correctly targeted by 
homologous recombination among 209 double resistant colonies yielding a targeting 
frequency of 4.3%. These nine clones were karyotyped, confinning euploidy, and injected 
into 3.5 day old blastocysts from C57BL/6 mice. Germ line transmission of the disrupted 
galanin locus was obtained from three separate ES cell clones. Genotype of the progeny 
was determined using Southern blotting and by PGR (Fig 4 demonstrates identical results 
obtained by Southern blotting and PGR screening on the same litter derived from a mating 
of two heterozygotes). The mutation has been bred to homozygosity on the in-bred 129sv 
strain and all data presented is from mice on this background, 

1 . Results of genotype analysis of live births are in the expected ratio predicted by 
Mendelian genetics and the sex ratio is 1:1. Galanin levels were measured by 
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radioimmunoassay and immunocytochemistry in areas previously demonstrated to express 
galanin at high levels and include brain, pituitary, spinal cord, dorsal root ganglion, 
stomach, small intestine and uterus. Galanin levels in heterozygotes for the deletion were 
50% of wild type controls whilst Galanin levels in the homozygotes for the deletion were 
undetectable in all cases, 

A comparision of levels of galanin expression between wild type, heterozygote and mutant 
mice in several body tissues is shown in Table 1. 



Table 1 



Genotype 


Cortex 


Hypothal- 
amus 


Anterior 
Pituitary 


Stomach 


Duodenum 


Ileum 


+/+ 


5.78±0.3 
3 


110.34+7.81 


0.42±0.07 


27.46±1.91 


122.90±11.6 
0 


267.43 
±13.46 


+/- 


2.91±0.2 
1 


53.82±3.76 


0.21±0.04 


13.8±0.83 


68.36±5.67 


125.87 
±7.55 


-/- 


UD 


UD 


UD 


UD 


UD 


UD 



All values are mean galanin-LI pmoL/g ± SEM, other than the female anterior pituitary 
which is expressed as pmol/gland ± SEM. UD=Un detectable 

It will be seen that galanin was not detected in any of the tissues tested in the homozygous 
mutant mouse, and decreased by 50% in the heterozygous mutant mouse. 

2. Although the mutant animals grow normally after weaning compared to their wild 
type litter mates (Fig 5) and achieve equal adult body weights, the same is not the case if 
the animals are weaned two days early. At P19 (i.e 19 days post partum) galanin would 
appear to be vital for the development of appetite for solids, if the animals are weaned at 
this point the mutants die within 48h. of starvation. Post mortem findings reveal a 
complete absence of food in the stomach or small bowel. Clearly this is a major finding 
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since very little is known about the normal regulation of appetite in the peri-weaning 
period. The mice of the invention are useful in studies on the expression of other 
neuropeptides known to regulate appetite (including leptin, neuropeptide Y, CCK, CRF 
and GLP-1). 

3. The behavioural responses of intact adult mice to thermal and mechanical 
stimulation was tested. Responses to noxious thermal stimulus were measured using the 
Hargreaves paw withdrawal test (Hargreaves, K., Dubner, R., Brown, F., Flores, C. & 
Joris, J. Pain 32, 77-88 1988) and the sensitivity to mechanical stimulation was assessed 
with Von-Frey hairs (Woolf, C.J., Safieh Garabedian, B., Ma, Q.P., Crilly, P. & Winter, J. 
Neuroscience 62, 327-331 1994). No significant differences between homozygous 
mutants, heterozygotes and wild-type mice in either the withdrawal times in the hot plate 
test or sensitivity to mechanical stimulation (Fig. 6) were observed. Neuronal function 
does not appear to be compromised by the absence of galanin at least with respect to the 
sensory modalities tested. 

4. Galanin is thought to play a role in the modulation of spinal cord transmission, 
particularly after nerve damage (axotomy) where its expression is upregulated during 
axonal regeneration. The response to axotomy is attenuated in the mutants (-/-) and 
autotomy fails to occur whilst self-mutilation in the wild type litter mates (+/+) is severe 
and occurs in almost all axotomised control animals (Fig. 7). The finding of hypo-algesia 
in the knockout mice is striking and unexpected. Previous data from Hokfelt's group in 
Sweden had suggested that galanin has a bimodal response on spinal cord transmission 
depending on the dose used. 

5. The regenerative abilities of sensory axons in the sciatic nerve were directly 
measured by the pinch test (Danielsen, N., Kerns, J.M., Holmquist, B., Zhao, Q., 
Lundborg, G. & Kanje, M. Brain Res. 681, 105-108 1995). Following nerve crush, 
sensory axons regenerate into the distal nerve and can be stimulated by a subsequent nerve 
pinch, which elicits a reflex abdominal motor response. The foremost regenerating axons 
are located by pinching consecutive segments of the nerve in a distal to proximaldirection 
until a reflex is observed and the distance from the nerve crush can be calculated. 
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Regeneration showed a statistically significant reduction of 30-40% in homozygotes 
compared to wild type mice at 2, 4 and 6 days after nerve crush (Fig. 8). Regeneration was 
intermediate in heterozygous mice but was still significantly different from wild type 
animals. 

To test whether the reduced rate of regeneration in galanin-deficient mice affects 
functional recovery after a crush injury, we tested a behavioural correlate of regeneration 
using the toe spreading index (Hoogeveen, J.F., Van Der Kracht, A.H., Wondergem, J., 
Gonzalez Gonzalez, D. & Haveman, J. Neurotoxicology. 14, 1-7 1993). Rodents spread 
the toes on their hind feet upon contact with a solid surface, a response which requires 
sensory innervation. Toe spreading is, therefore, lost after axotomy until sensory axon 
re-innervation occurs. The toe spreading distance was measured for 6 weeks after 
unilateral right sciatic nerve crush and compared to the intact contralateral (left) foot. 
Whilst toe spreading in wild-type mice returned to normal within 3 weeks of sciatic nerve 
crush, functional regeneration was still incomplete at six weeks in the mutant mice (Fig 9). 

6. The decreased regeneration and autotomy in the galanin-deficient mice might be 
related to the death of neurons following axotomy, especially those neurons which would 
normally express galanin after injury. To test whether galanin is essential for the survival 
of neurons during development, we studied the distribution of galaninergic neurons in wild 
type and mutant mice. Since we were unable to visualise the galaninergic neurons in the 
mutant animals at the protein level we studied expression of the mRNA using a riboprobe 
specific for exon six (marked B, see Figure 3). In order to confirm the survival of other 
populations of galanin expressing neurons, the exon 6-specific riboprobe was used to 
visualise galaninergic neurons in the hippocampus and the paraventricular nucleus of the 
hypothalamus of adult wild-type and mutant mice (Fig 10). No differences in expression 
were observed between the groups suggesting that neuronal development are normal in 
these animals and not galanin dependent. 

We went on to use the exon 6-specific riboprobe to study the distribution of galaninergic 
neurons in the DRG two weeks after sciatic nerve axotomy. A marked up-regulation in the 
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levels and number of cells expressing galanin was observed in the DRG neurons of wild 
type mice Fig 10). However, there was no expression in the homozygous galanin- deficient 
mice, suggesting that galanin is required for these cells to survive axotomy. 

These results relating to regeneration and cell survival are particularly significant in that 
the results indicate that galanin gene is the first gene to affect regeneration of the 
peripheral nervous system. 

Accordingly, the invention contemplates the use of a galanin agonist in the treatment of 
peripheral sensory neuropathy resulting, for example, from diabetes mellitus or trauma 
(such as that caused by traffic accidents). 

1, Homozygote mutants enter puberty at the same time as their litter mate controls, 
pregnancy and resulting litter size appeared unaffected. Mutant females, however, are 
unable to lactate and all pups died of dehydration/starvation unless fostered by wild type 
mothers. Pituitary prolactin content and secretion is reduced some five fold in pregnant 
homozygotes (-/-) compared to pregnant wild type (+/+) controls killed 4 days after birth 
(Fig. 11) but is only 80% of normal in randomly cycling female homozygote mice. 

The addition of exogenous oestradiol (0.5|ag of 17 (J-oestradiol given subcutaneously as a 
suspension in linseed oil) to rodents has a strong mitogenic effect on pituitary cell number 
and markedly increases pituitary prolactin content (Fig. 11). 

These effects are abolished in the knockout mice, confirming that galanin is crucial to 
lactotroph growth and to prolactin secretion in the hyperoestrogenised state. These 
findings coupled with previous data that galanin induces growth of the lactotroph, combine 
to substantiate the hypothesis that an activating mutation in the pituitary galanin receptor 
may be responsible for the formation of prolactimas (prolactin secreting pituitary 
tumours). 



Anterior pituitary content for three other hormones was assessed. No differences were 
found in the content of TSH, GH and LH (figs 12-14) in mutant versus wild type mice. 
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It would be expected that the mutant mouse of the invention would have high insulin and 
low plasma glucose. Thus galanin antagonists might be of use in treatment of diabetes 
mellitus. 

Galanin may inhibit hypothalamic somatostatin release thus stimulating growth hormone. 
One would expect the mutant mice to have high levels of somatostatin, low GH and to be 
small. Thus galanin might be a treatment for idiopathic small stature. 

Such changes caused by the mutations to the mouse of the invention as disclosed above 
have implications for possible treatments of a number of human conditions/diseases using 
either galanin agonists or antagonists. Such diseases may include:- anorexia, obesity, 
painful neuropathies, pituitary prolactin secreting tumours, Alzheimer's dementia and 
diabetes. 

8. Galanin has been implicated in the aetiology of Alzheimer's disease. Hippocampal 
galanin expression is increased in cholinergic neurones as acetylcholine and choline acetyl 
transferase (ChAT) levels fall. Administration of galanin decreases learning behaviour in a 
number of mouse models, the converse is also true when galanin antagonists are infused. 
We measured long term potentiation (LTP) in wild type and mutant mice. LTP is an 
electrophysiological test where specific nerves in the hippocampus are stimulated by an 
electric shock: Davies CH, CoUingridge GL. 7. Physiol Lond, 1996;496: 451-470; Davies 
CH, Starkey SJ, Pozza MF, CoUingridge GL. GAB A Nature 1991;349:609-6 11. This 
procedure is done in-vitro using brain slices from recently killed animals. Results show 
that LTP is decreased by 50% in the stratum oriens at the 80 minute time point in the 
mutants compared to wild-type mice (Fig 16 A vs C). In contrast no difference was found 
in LTP measured in the stratum radiatum. Galanin is found at high levels in the stratum 
oriens but NOT in the stratum radiatum. Our data, thus far, demonstrates a decrease in 
LTP in the mutants implying a decrease in memory and cognition - tests to assess these 
function are being conducted. These data show that a galanin agonist is useful in the 
treatment of Alzheimer' s disease and associated memory loss with an enhancement in 
memory and cognition. 
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1 . The use of a galanin agonist in the preparation of a medicament for the treatment of nerve 
damage. 

2. A method of treating nerve damage in a mammal comprising administering a galanin 
agonist to that mammal. 

3. A method of treating Alzheimer's disease and related diseases and conditions comprising 
administering a galanin agonist to a subjecty. 

4. The use of a galanin agonist in the preparation of a medicament for the treatment of 
Alzheimer's disease and related diseases and conditions. 

5. A method of improving memory, enhancing memory functions and improving cognitive 
function, the method comprising administering a galanin agonist to a subject. 

6. The use of a galanin agonist in the preparation of a medicament for improving memory 
and other cognitive functions. 

7. A lactation suppression composition comprising a galanin antagonist. 

8. The use of a galanin antagonist in the preparation of a medicament for the supression of 
lactation. 

9. A method of suppressing lactation in a manunal, the method comprising administering a 
galanin to that manunal. 

10. A composition comprising a galanin antagonist for the treatment of prolactinoma in a 
manunal. 

1 1 . The use of a galanin antagonist in the preparation of a medicament for the treatment of 
prolactinoma. 
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12. A method of treating prolactinoma in a mammal suffering from prolactinoma, the method 
comprising administering a galanin antagonist to that mammal. 

13. An appetite supressant composition comprising a galanin antagonist. 

14. The use of a galanin antagonist in the preparation of a medicament for the treatment of 
appetite, and appetite related disorders. 

15. A method of supressing appetite in a mammal, the method comprising administering a 
galanin antagonist to that mammal. 

16. An analgesic composition comprising a galanin antagonist. 

17. The use of a galanin antagonist in the preparation of a medicament for the treatment of 
pain. 

18. A method of supressing pain in a mammal, the method comprising administering a 
galanin antagonist to that manmial. 

19. The use of a galanin antagonist in the preparation of a medicament for the treatment of 
painful neuropathy. 

20. An anaesthetic composition comprising a galanin antagonist. 

21. The use of a galanin antagonist in the preparation of an anaesthetic composition. 

22. A method of anaesthetising a mammal, the method comprising administering a galanin 
antagonist to that mammal. 

23. A transgenic or other genetically modified mammal which lacks a functional galanin 
gene. 
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24. A mammal according to claim 23 in which the galanin gene has been inactivated. 

25. A mammal according to claim 23 or 24 in which the galanin gene has been inactivated by 
at least partial deletion. 

26. A manmial according to claim 25 in which the portion of the gedanin gene between the 
Bam HI and Bgl2 restriction sites asterisked in Fig. 3 has been deleted. 

27. A mammal according to claim 23, 24, 25 or 26 which is a rodent. 

28. A rodent according to claim 27 which is a mouse. 

29. Tissue, cells and cell lines derived from a mammal, rodent or mouse according to any 
preceding claim. 

30. Tissue, cells or cell lines according to claim 29 which are cells from pancreas, pituitary, 
cortex, dorsal root ganglia or are derived from such cells. 

31. The use of a mammal, rodent or mouse according to any one of claims 23 to 28 or tissue 
cells and cell lines according to claim 29 or 30 in an assay to determine a biological effect 
of galanin. 

32. The use according to claim 31 in which the biological effect is selected from diabetes and 
insulin secretion, appetite, growth hormone effects, lactation, prolactin over secretion, 
pain sensitivity, memory, behaviour, sexual reproduction and fertility. 
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Figure 3 



9.3 Kb 



B E Bg B E B Bg E B Bg 




Wild-type allele 



HSV-TK 



B 



Bg 




Neo 



Targeting vector 



4.4 Kb 



B 



E Bg BE B Bg 



Neb 



B 



Bg 



Mutant allele 



SUBSTITUTt SHEET (RULE 26) 



wo 98/03059 



PCT/GB97/01991 



4/16 

Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 

Effect of Galanin Disruption on Chronic Neuropathic Pain 
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Figure 8 
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Figure 10 

In-situ hybridization using Exon 6 riboprobe 
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Figure 11 
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Figure 12 
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Figure 13 
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Figure 14 
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□ As all required additional search fees were timely paid by the applicant, this international Search Report covers all 
searchable claims. 



2. [ I As ail searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this Intemational Search Report 
' ' covers only those claims for which fees were paid, specifically claims Nos. t 



4. I I No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest 



j I The additional search fees were accompanied by the applicant's protest. 
I [ No protest accompanied the payment of additional search fees. 
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based on the alleged effects of the compound/composition. 



INTERNA NAL SEARCH REPORT 

Information on patent family members 



Inter. 3nal Application No 

PCT/GB 97/01991 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 


Publication 
date 


AT 
A 1 




1 


LD 


All 

MU 


DO'HoU 


D 
D 


\JJ ~ X X "3 


All 

AU 




A 

A 




LZ. 




A 

A 


1 '^-OT-Qd 

J. "ZfH 


Uh 




U 


1 n.nzL-Q? 


Ub 


7007 


T 

1 


1 Q.0fi-Q7 

1^7 "UO"^^ / 


Uh 




1 




CD 

tr 


AC 1 /I OCI 


A 

A 




EP 


0585300 


A 




ES 


2098510 


T 




HU 


6581G 


A 


28-Q7-94 


JP 


6507629 


T 


01-09-94 


NO 


934098 


A 


12-11-93 


PL 


171497 


B 


30-05-97 


SK 


127793 


A 


06-04-94 


US 


5576296 


A 


19-11-96 



WO 9220709 A 



26-11-92 



WO 


9212997 


A 


06-08-92 


AU 


1350792 


A 


27-08-92 


wo 


9215681 


A 


17-09-92 


AU 


1370892 


A 


06-10-92 










AU 


5458096 


A 


19-09-96 










CA 


2105572 


A 


07-09-92 










EP 


0587571 


A 


23-03-94 










JP 


6508984 


T 


13-10-94 


wo 


9215015 


A 


03-09-92 


AU 


1462692 


A 


15-09-92 


wo 


9726853 


A 


31-07-97 


AU 


1842797 


A 


20-08-97 



Fonn PCT/ISA/210 (patent family annex) (July 1992) 



INTERNAI^AL SEARCH REPORT 



Intl^^ 'lul AppllcaUon No 

PCT/GB 97/01991 



C^ContlnuaUon) DOCUMENTS CON8IDERH) TO B&RELEVAN T - ■ 



Catagory * 



CitatiDn of dooument, with indioation,^ 



Rolavant to olatm No. 



BARTFAI T ET AL: "GALANIN AND GALANIN 
ANTAGONISTS MOLECULAR AND BIOCHEMICAL 
PERSPECTIVES." 

TRENDS PHARMACOL SCI 13 (8). 1992. 
312-317. XPO02O45935 
see the whole document 

UKAI M ET AL: "Effects of galanin on 
passive avoidance response, elevated 
plus-maze learning, and spontaneous 
alternation performance in mice." 
PEPTIDES (TARRYTOWN) 16 (7). 1995. 
1283-1286, XP0O2045936 
see the whole document 

WO 92 15681 A (GARVAN INSTITUTE OF MEDICAL 
RESEARCH) 17 September 1992 
cited in the application 
see the whole document 

WO 92 15015 A (ZYMOGENETIC, INC) 3 

September 1992 

cited in the application 

see the whole document 

WYNICK D ET AL: "GALANIN REGUUTES BASAL 
AND OESTROGEN-STIMULATED LACTOTROPH 
FUNCTION." 

NATURE (LOND) 364 (6437). 1993. 529-532, 
XP002O45651 

see the whole document 

WO 97 26853 A (SYNAPTIC PHARMACEUTICAL 
CORPORATION) 31 July 1997 
see the whole document 



1-4, 
16-19 



5.6 



1-22 



1-22 



7-12 



1-32 



Foim PCT/ISA/210 (oontinualion ol seoond sheet) (July 1992) 



page 2 of 2 





"^^Rnational application No. 


INTERNATIONAL SEARCH REPORT 


PCT/GB 9//01991 



This International Search Report has not been established in respect of certain claims under Article 17(2)(a) lor the following reasons: 



bao^o tfioy relate to sutjject matter not required to be searched by this Authority, namely: 

see FURTHER INFORMATION sheet PCT/ ISA/2 10 



^ ^ bTO^J^e ^ey relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful international Search can be carried out, specifically: 



> □ 



b«^e t'hey are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



B X II Observations where unity of Invention is lacking (Continuation of Item 2 of first sheet) 



This International Searching Authority found mullrple inventions in this international application, as follows: 



1 I 1 As all required additional search foes were timely paid by the applicant, this International Search Report oovere ail 

' ' searchable claims. 



2. rn As all searchable claims could be searched without effort justifying an additional fee. this Authority did not invite payment 
of any additional fee. 



3.1 1 As only some of the required additional search fees were timely paid by the applicant, this international Search Report 

' ' covera only those claims for which fees were paid, specifically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicant. Consequently, this Intemational Search Report is 
restricted to the invention first mentioned in the claims; A is covered by claims Nos.: 



Remark on Protest Th® additional search fees were accompanied by the applicant's protest 

I I No protest accompanied the payment of additional search fees. 
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NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(PCT Rule 71.1) 




1 The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
■ international preliminary examination report and its annexes, if any, established on the international application. 

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 

3. Where required by any of the elected Offices, the Intemational Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 

4. REMINDER 

The applicant must enter the national phase before each elected Office by peilomiing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the Intemational Bureau with Form PCT/IB/301). 

Where a translation of the intemational application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the intemational preliminary examination report. It is the applicant s 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 



Name and mailing address of the I PEA/ 



European Patent Office 
D-80298 Munich 



Tel. (+49-89) 2399-0. Tx: 523656 epmu d 
Fax: (+49-89) 2399-4465 



Authorized officer 
Peralt Lappas, R 

Tel. (+49-89) 2399-8052 



Form PCT/IPEA/416 (July 1992) 



PATENT COOPERATION TREATY 



PCT 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agenfs file reference 
JPD/SMH/UNIBR2PCT 
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FOR FURTHER ACTION Preliminary Examination Report (PCT/IPEA/416) 
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International Patent Classification (IPC) or national classification and IPC 
A01K67/027 


Applicant 

UNIVERSITY OF BRISTOL et al. 



1 . This international preliminary exannlnation report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 5 sheets, including this cover sheet. 

H This report Is also accompanied by ANNEXES, i.e.. sheets of the description, claims and/or drawings 
which have been amended and are the basis for this report and/or sheets containing rectifications made 
before this Authority (see Rule 70.1 6 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 20 sheets. 



3. This report contains indications relating to the following items: 
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II 
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III 
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IV 
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VI 
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VII 
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Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to 
citations and explanations supporting such statement 
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Form PCT/IPEA/409 (Cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/GB97/01 991 



I. Basis of the report 



1 This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are notannexedto 



response 

the report since they do not contain amendments.): 
Description, pages: 

1- 13 as originally filed 

2- 10 as received on 



07/1 0/1 998 with letter of 



07/10/1998 



Claims, No. 

1-16 



as received on 



07/1 0/1 998 with letter of 



07/10/1998 



Drawings, sheets: 

1/9-9/9 as received on 



07/1 0/1 998 with letter of 



07/10/1998 



2. The amendnrients have resulted in the cancellation of: 



H the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



11-12 



3. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 



IV. Lack of unity of invention 

1 . In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 
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□ neither restricted nor paid additional tees. 

2. K This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1. 13.2 and 13.3 is 

□ complied with. 

H not complied with for the following reasons: 
see separate sheet 

4. Consequently, the following parts of the international application were the subject of intemational preliminary 
examination in establishing this report: 

S all parts. 

□ the parts relating to claims Nos. , 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 
Novelty (N) 

Inventive step (IS) 



Yes: 


Claims 


1-16 


No: 


Claims 




Yes: 


Claims 


1-16 


No: 


Claims 




Yes: 


Claims 


1,4,6-16 


No: 


Claims 


(2, 3, 5) (?) 



2. Citations and explanations 
see separate sheet 

VIII. Certain observations on the international application 

The following obseivations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

s separate she t 
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INTERNATIONAL PRELIMINARY International application No. PCT/GB97/01991 
EXAMINATION REPORT - SEPARATE SHEET 



1 . Citations 

The documents mentioned in the present International Preliminary Examination 
Report are numbered as in the search report, I.e. D1 corresponds to the first 
document of the search report etc. It is noted that D9 could be considered prior 
art under Art 54(3) EPC, should the present application proceed to the European 
Regional Phase. 

2. Lack of Unity (Section IV) 

The present set of claims is clearly not unitary. The following inventions can be 
identified: 

(1 ) Claims 1 -2 Use of galanin agonist to treat nerve damage 

(2) Claims 3-6 Use of galanin agonist to treat Alzheimers or to improve 

memory or cognitive functions 

(3) Claims 7-16 Transgenic animal or cells and uses thereof 



See also section 3.2. 

Nevertheless, to facilitate proceedings at this stage all of the inventions have bee 
examined together. 

3. Reasoned statement on Novelty, Inventive Step and Industrial Applicability 
(Section V) 



3. 1 Novelty (Art.33(2) PCT) 

Claims 1-16 appear to be novel 



3.2 Inventive Step (Art.33(3) PCT) 

Claims 1-2 relate to the use of a galanin agonist to treat nerve damage. D4 
recognizes that galanin may be important in peripheral nerve injury (bottom 
p.313). No more specific statements to this effect are found in the prior art. 



Form PCT/Separate Sheet/409 (Sheet 1 ) (EPO-April 1997) 
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EXAMINATION REPORT - SEPARATE SHEET 

Hence, claims 1-2 appear to be inventive. 

Use of an agonist of galanin to enhance cognitive function and treat Alzheimers 
appears inventive since the prior art teaches the use of an antagonist instead 
(claims 3-6). 

Claims 7-16 relate to transgenic animals / cell lines, which have at least partially 
deleted galanin genes, and uses thereof. Although it is technically trivial to create 
such a transgenic animal / cell line, none of the prior art documents suggested 
doing so. Indeed the use of modulators of galanin activity to study galanin 
function was well established as the method of choice. Hence, claims 7-16 can 
be considered inventive. 

3.3 Industrial Applicability (Art.33(4) PCT) 

For the assessment of the present claims 2, 3 and 5 on the question whether they 
are industrially applicable, no unified criteria exist in the PCT. The patentability 
can also be dependent upon the formulation of the claims. The EPO, for example, 
does not recognize as industrially applicable the subject-matter of claims to the 
use of a compound in medical treatment, but may allow, however, claims to a 
known compound for first use in medical treatment and the use of such a 
compound for the manufacture of a medicament for a new medical treatment. 

4. Certain observations (Section VIII) 
4.1 Clarity (Art.6 PCT) 

Spelling - claim 16 "over_secretion" 



Form PCT/Separate Sheet/409 (Sheet 2) (EPO-April 1997) 



effects such as galanin inhibition of glucose stimulated in;;uUn release; galanin induced 
inhibition of scopolaniinc induced ACh hippocampal release; galanin induced facilitation 
of the flexor reflex; the displacement of bound iodinated galanin in membrane binding 
studies. There is a suggestion in the application that the antagonists may be indicated for 
analgesia but there is no disclosure in the application of results to this effect. 



from 



in 



Approximately 2-4% of the Western population suffer 
people ,10-15% suffer from chronic pain and nunabness i 
**painful neuropathy". Present techniques for manageraeni 
inadequate. 



Alzheimer's disease is a major cause of morbidity worldwide 
characterised by loss of memory and personality changes, 
major decrease in the number of cholinergic nerves in the 
hippocampus, which are the main area of the brain thouglit 
Previous work has shown that galanin is also expressed ir, 
the levels of galanin are two fold elevated in the brains of 
disease. 



germ-line mutation of the galanin 
the mouse genome utilising 



The present invention relates to die generation of a mouse with targeted disruption of the 
galanin gene; experiments using the mouse, and the implication of the results of those 
experiments for the ircatmcm of disease. In particular, ch 5 invention relates to the 
generation of a mutant mouse carrying a loss-of-function 
locus. The inactivating mutation has been introduced into 

targeted mutagenesis in embryonic stem cells by homologous rccombinadon. The 
mutation, when bred to homozygosity on the inbred 1 29sv background, affects feeding 
behaviour, lactation and pain sensitivity. The mutation may also affect memory and 
behaviour, sexual reproduction and fertility and insulin secretion with resultant changes in 
circulating blood glucose levels. 



diabetes raellitus and, of those 
their extremities-termed 
of painful neuropathy are 



the disease being 



At an anatomical level there is a 
basal forebrain and 
to process and store memories, 
these hippocampal nerves and 
pauents with Alzheimer's 



According to first aspect of the invention there is provided 
the preparation of a medicament for the treatment of nerv ; 



the use of a galanin agonist in 
damage. 
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According to a second aspect Of the invention there is prov 
preferably repairing, nerve damage in a subject comprising 
galanin agonist. 



According to another aspect of the invention there is provi led 
of Alzheimer's disease, the method comprising administering 



In a further aspect of the invention* there is provided a 
enhancing memory and improving cognitive function, 
agonist to a subject. Advantageously, such treamient m: 
restoring memory after injury, trauma or in Alzheimer's 



The invention further provides galanin agonisrs suitable f<br use in the treatment of 
Alzheimer's disease and in the improvement of memory 2nd cognitive function. Also, the 
invention provides the use of a galanin agonist in the preparation of a medicament for the 
treatment of Alzheimer's disease and related diseases and! conditions, and in enhancing 
•memory and cognitive function. 



ded a method of healing, 
administering to the subject a 



a method of treatment 
a galanin agonist to a subject. 



meihod of improving memory, 
conjtprising administering a galanin 
ay be used in the treamient of 



disease. 



According to a further aspect of the invention there is 
rodent, which lacks a functional galanin gene. The term ' 
galanins including, for example, human, rai, murine and 
of galanin having the biological activity of galanin. The 
inactivated by at least partial deletion of the galanm gene 
and Bgia restriction sites, designated *Exons 1-5' in the 
mammal is a rodent, it is preferably a mouse. Other 
contemplated. 



projvided a manunal, preferably a 
alanin'* embraces all known 
] porcine galanin and also analogue 
;»alanin gene may have been 
sequence between the Bam HI 
alccampanying Fig- 3. Where the 
als such as sheep and rats are 



manami 



According to another aspect of the invention there is pro 

derived from Che mammal in accordance with the first 

* 

the tissue, cells or cell hnes include cells from pancreas 
ganglia, or are derived from such cells. 



/ided tissue, cells and cell lines 
as^Qt of the invention. Preferably, 
pimitary, cortex, dorsal root 
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The mammal or tissue, ceUs and cell lines of the invention 
one cr more biological effects of galanin. The biological 
example, prolactin secretion, appetite, memory, behaviour, 
axotomy, growth or the repair of nerve damage. 



may be used in an assay to study 
eft ect may be selected from, for 
pain, autocomy following 



Embodiments of the invention will now be described, by 
reference to the accompanying drawings Figures 1 to 16 in 

Fig. 1 illustrates the genomic structure of mouse galanin; 



v^jay of example only, with 
which: 



Fi^. 2 illustrates the targeting vector used in producing the 



Fig. 3 illustrates the specific recombination event in the ; 
accordance with the invention; 



Fig. 4 niustrates the genotype of the progeny determined 
PCR demonstrating identical results from the same litter 
heterozygote animals; 



Fig. 5 illustrates the effect of galanin inactivation on shor: 
neurons; 

Fig. 6 illustrates the effect of galanin inactivation on long 
neurons; 



rodent of the invention; 



pioduction of the rodent in 



using Southern blotting and by 
cerived from a mating of two 



term regeneradon of sensory 



term regeneration of sensory 



Fig 7 illustrates expression of an exon 6-specific riboprobe to study the disuibution of 
galaninergic neurons in the brain and dorsal root ganglion of wildtype and mutant mice; 



Fig 8 illustrates the effects of galanin inactivation on the 
potentiation in the stratum radiatum area of the hippocainp 



generation of long term 
us; and 
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Fig 9 illustrates ihe effects of galanin inactivation on the 
potenciauon in the sxranim oriens area of the hippocampus. 



geaeradon of long term 



To generate a mouse knockout, that is the introduction into 
loss- or gain-of-function mutation of a specific gene locus 
described in Kuchn, M. R. et ai Nature. 1987; 326: 295-8; 
R. Namre. 1986; 324: 34-8) . entails a number of steps:- ( 
genomic locus of interest; (2) the construction of a targetir 
of interest is modified to inactivate or alter its structure 
introduction of the targeting vector into an embr> omc sten 
identification of single cell clones in whom the appropria 
taken place and in whom the nomial chromosomal number 
introducuoti of such clones into 3.5 day old blastocysts 
mated to wild types of the opposite sex. The resulting o 
mutation are thus heterozygotes and, by appropriate mating, 
introduced mutation are bred. 



and 
^ffslp 



As a first step the murine galanin gene was cloned. A moase genomic Ubraiy (Ehrich. E. et 
al Gene, 1987; 57: 229-37) was screened using the full Ic igth rat galanin cDNA as a probe 
under high stringency. Two cosmid clones were identifie<l spanning 60Kb around the 
galanm locus. Using 5' and 3' prohes from the rai cDNA 4 14 Kb region of DNA comainins 
the entire gene wa.s subcloned and partiaUy sequenced. Fiom the genomic sequence, 
primers were designed complementary to untranslated exonic regions of the gene. A 630bp 
fragment was generated by RT-PCR (Kit supplied by E^^ITROGEN BV, The 
Netherlands) using adult female whole brain as a source of mRNA. Subsequent sequencing 
of this fragment demonstrated that mouse and rat galanin are 100% identical at die protein 
level and 94.8% at the nucleotide level. The genomic stnicture of the mouse gene (Fig. I) 
is identical to that of the rat gene. The gene spans 4.8Kb and consists of six exons. T^- 
translaiion start site (AUG) starts at the first base of exor two, the coding region for 
galanin extends across exons three and four with the stoj codon (UGA) in the middle of 
exon six. 



die mouse genome of either a 
according to the procedure 
Thomas, K. R. and Capecchi, M. 
) the cloning of the mouse 
g vector such that the locus/gene 
function in some way; (3) 
cell library and selection and 
correct targeting event has 
is unchanged; and (4) 
the resulting chimeric mice 
iring demonstrated to carry the 
homozygotes for the 
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Using the 14Kb subclone described above, a positivc/negaiiv 
was constructed (Fig. 2), The mutation introduced remove! i 
the entire coding region of the galanin peptide (Fig. 3). 



In Fig- 3: A and B are the sites of the external probes usee 
appropriate integration of the construct. 

Neo = neomycin resistance gene 

HS V-TK== herpes simplex virus thymidine kinase gene 

B Bamm 
B=^EcoRl 
X=Xhol 

Bg=Bgni 



In particular, the targeting vector removes a 3.2Ko stretch 
first 5 exons of the galanin gene. The exact sites flanking 
5' - the Bam HI site lObp do^Mistream from the 
Che Bgl2 site in ihe middle of intron 5. These sites arc 
Other sites diat could be used are the same 5' site and a 
which would remove only 2,9Kb of DNA and thus remove 



This vector was linearised and electroporaed into the E14 embryonic stem-cell (ES) line 
(Hooper. M. et al Nature. 1987; 326: 292-5), Restriction mapping of the wildtype locus 
with Bgin generates a 9.3Kb fragment when probed with a 5' external probe (marked A, 
Fig 3), whilst the correctly targeted locus generates a 4.4 
were identified in which one allele of the galanin gene w;is correctly targeted by 
homologous recombination among 209 double resistant colonies yielding a targeting 
frequency of 4.3%. These nine clones were karyotyped, confirming euploidy, and injected 



e selection targeting vector 
the first five exons containing 



to screen the ES cells for the 



of DNA and thus removes the 
the stretch of DNA removed are 
transcriptional stan site and the 3' site is 
indfcatcd widi asterisks in Fig. 3. 
diiffering 3' Xhol site in intron 4 
only first 4 exons. 
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line 1 
clcines. 



into 3.5 day old blastocysts from C57BL/6 niice. Germ 
galanin locus was obtained from three separate ES cell 
was determined using Southern blotting and by PGR (Fig 
obtained by Soatheni blotting and PGR screening on the 
of two heterozygotes). The mutation has been bred to 
strain and all data presented is from mice on this background 



transmission of the disrupted 
Genotype of the progeny 
4 demonstrates identical resxilts 
same litter derived from a mating 
homozygosity on the in-bred 129sv 



tlie 



1. Results of genotype analysis of live births are in 
Mendelian genetics and the sex ratio is 1: 1. Galanin levelk 
radioimmunoassay and immunocytochemistry in areas 
galanin at high levels and include brain, pituitary, spinal 
stomach* small intestine and uterus. Galanin levels in 
50% of wild type controls whilst Galanin levels in the 
undetectable in all cases. 



A comparision of levels of galanin expression between w^ld type, heterozygotc and mutant 
mice in several body tissues is shown in Table 1 . 



Table 1 



expected ratio predicted by 
were measured by 
previously demonstrated to express 

cord, dorsal root ganglion, 
heterozygotes for the deletion were 
hojnozygotes for the deletion were 



G«notype 


Cortex 


Hypothal- 
amus 


Anterior 
Pituitary 


S 


Itomach 


Duodenum 


Ileum 


+/+ 


5.78±0.3 
3 


U0.34±7.81 


0.42±0.07 


2' 


'46*1.91 


122.90±11.6 
0 


267.43 
a:13.46 


+y- 


2.91*0.2 
1 


53.82±3.76 


0.21 ±0.04 


1 


3.8±0.83 


68.36±5.67 


125.87 
±7.55 


-/- 


UD 


UD 


UD 




UD 


UD 


UD 



All values are mean galanin-LI praol/g ± SEM, other than 
which is expressed as pmol/gland ± SEM. UD=Undetecta ble 



the female anterior pituitary 
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It will be seen that galanin was not detected in any of the tissues tested in the homozygous 
mutant mouse, and decreased by 50% in the heterozygous mutant mouse. 



2. The regenerative abilities of sensory axons in the s(^iatic nerve were directly 
measured by the pinch test (Danielsen, N., Kerns, J.ML, HDlmquist, B.. Zhao, Q.. 
Lundborg, G. & Kanje, M- Brain Res. 681, 105-108 199.5). Following nerve crush, 
sensory axons regenerate into the distal nerve and can be iitimulated by a subsequent nerve 
pinch, which elicits a reflex abdominal motor response. Tie foremost regenerating axons 
are located by pinching consecutive segments of the nerve in a distal to proximaldirection 
until a rcilex is observed and the distance from the nerve orush can be calculated. 
Regeneration showed a statistically significant reduction of 30-40% in homozygoces 
compared to wild t>*pe mice at 2, 4 and 6 days afccr nerve 

intermediate in heterozygous mice but was sdll significantly different from wild type 
animals. 



^,H., Wondergem, J., Gonzalez 
1993). Rodents spread the toes on 
response which requires sensory 



To test whether the reduced rate of regeneration in galani i-deficient mice affects functional 
recovery after a crush injury, we tested a behavioural con elate of regeneration using the toe 
spreading index (Hoogeveen, J,F,, Van Der Kracht, 
Gonzalez, D. & Haveman, J. Neurotoxicology. 14, 1-7 
their hind feet upon contact with a solid surface, a 
innervation. Toe spreading is, therefore, lost aftei axotomy until sensory axon 
re-innervation occurs. The toe spreading distance was measured for 6 weeks after unilateral 
right sciatic neive crash and compared tp the intact contralateral Qtfl) foot. Whilst toe 
spreading in wild-type mice returned to normal within 
functional regeneration was still incomplete at six weeks 



3 weeks of sciatic nerve crush, 
in the mutant tnice (Fig 6). 



gal 



specially 



3. The decreased regeneration and autotomy in the 
related to the death of neurons following axotomy, es] 
normally express galanin after Injury. To test whether gal^in 
neurons during development, we studied the distribution 
type and mutant mice. Since we were unable to visualise 
mutant animals at the protein level we studied expression 



anin-deficient mice might be 
those neurons which would 
is essential for the survival of 
of galaninergic neurons in wild 
he galaninergic neurons in the 
of the mRNA using a riboprobe 



spe^ifit 



specific for exon six (marked B, see Figure 3). In order to 
populations of galanin expressing neurons, the exon 6 
visuaJise galaninergic neurons in the hippocampus and the 
hypothalamus of adult wild-type and mutant mice (Fig 7) 
were observed between the groups suggesting that neuronal 
these animals and not galanin dependent. 



confirm the survival of other 

c riboprobe was used to 
paraventricular nucleus of the 
No differences in expression 
development are normal in 



We went on to use the exon 6-specific riboprobe to study 
neurons in the DRG two weeks after sciatic nerve axotom; 
levels and number of cells expressing galanin was observefi 
type mice Fig 7). However, there was no expression in the 
mice, suggesting that galanin is required for these ceUs to 



These results relating to regeneration and cell survival are 
results indicate thai galanin gene is the first gene to affect 
nervous system. 



Accordingly, the invention contemplates the use of a 
peripheral sensory neuropathy residting, for example, 
(such as that caused by traffic accidents). 



ihe distribution of galaninergic 
. A marked up-regulation in the 

in the DRG neurons of wild 
homozygous galanin- deficient 
!;urvive axotomv. 



particularly significant in that the 
iiegeneration of the peripheral 



gaianm agonist in the treatment of 
from! diabetes meilitus or trauma 



4. Galanin has been implicated in the aetiology of Alzhemer^s disease. Hippocampal 
galanin expression is increased in cholinergic neurones as 2cec>'lchoiine and choline acetyl 
transferase (ChAT) levels fall. Administration of galanin d<:creases learning behaviour in a 
number of mouse models, the converse is also true when galanin antagonists are infused. 
We measured long lenn potentiation (LTP) in wild type and mutant mice. LTP is an 
electrophysiological test where specific nerves in the hippocampus are stimulated by an 
electric shock: Davies CH. CoUingridge GL. / PhysioL Lond. 1996;496: 451-470; Davies 
CH, Starkey SJ, Pozza MF. CoUingridge GL. GAB A. Natur^^ 1991 ;349:609-61 1. This 
procedure is done in-^vitro using brain slices from recently killed animals. Results show that 
LTP is decreased by 50% in the stratum oriens at the 80 minute time point in the mutants 
compared to wild-type mice (Fi£ 9 A vs C). In contrast no difference wa& found in LTP 



10 

measxired in the stratum radiatum. Galanin is found at hig^ 
NOT in the stratum radiatum. Our data, thus far. demonsti 
mutants implying a decrease in memory and cognition 
being conducted. These data show that a galanin agonist i 
Alzheimer's disease and associated memory loss with an 
cognition. 



tests 



1$ 



levels in the straram oriens but 
ates a decrease in LTP in the 

to assess these function are 
useful in the treatment of 
I enhancement in memory and 



Claims 

1. The use of a galanin agonist in the preparation of 
nerve damage. 



a medicament for the treatment of 



2. A method of creating nerve damage in a mammal 
agonist to that mammal. 



cc mprising administering a galanin 



3. A method of treating Alzheimer's disease comprising 
to a subject. 



4. The use of a galanin agonist in the preparation of a 
Alzheimer's disease. 



5. A method of improving memory, enhancing 

cognitive fiinction. the mediod comprising administering 



6. The use of a gafanin agonist in the preparation of a 
and other cognitive functions. 



7. A transgenic or other geneticaljy modified mammal 
gene. 



8. A mammal according to claim 7 in which the galanin gcbe has been inactivated. 



administering a galanin agonist 



medicament for the treatment of 



mesnory 



functions and improving 
a galanin agonist to a subject. 



melicament for improving memory 



^^'hich lacks a functional galanin 



9. A mammal according to claim 7 or 8 in which the galanjo 
at least partial deletion. 



10. A mammal according to claim 9 in which the portion of 
Bamm and 5^711 restriction sites designated 'Exons 1-5 



ihe galanin gene between the 
in Fig. 3 has been deleted. 



1 L A mammal according to any of claims 7 to 10 which is a Lent 



12. A rodent according to claim 1 1 which 



is a mouse. 



i gene has been inactivated by 



AMENDED SHEET 



13. Tissue, cells and cell lines derived from a mammal, rodent or mouse according to any 
of claims 7 to 12. 



14. Tissue, cells or cell lines according to claim 13 which 
cortex, dorsal root ganglia or are derived from such cetis 



iire cells from pancreas, pituitarj', 



15, The use of a mammal, rodent or mouse according to ai 
cells and cell lines according to claim 13 or 14 in an 
effect of galanin. 



assay 



16. The use according to claim 15 in which the biological 
and insulin secretion, appetite, growth hormone effects, 
secretion, pain sensitivity, memory, behaviour, sexual 



y one of claims 7 to 12 or tissue 
to determine a biological 



<!ffect is selected from diabetes 

lactation, prolactin over 
3-eproduction and fertility. 
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Qalanin 
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ah 



TARGETING VECTOR 



Exons 1-5 



Galanin 



X 



1 



X 



homologous 
recombination 



Galanin- 
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FOR FURTHER ACTION Preliminary Examination Report (PCT/IPEA/416) 


International application No. 
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1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 5 sheets, including this cover sheet, 

S This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings 
which have been amended and are the basis for this report and/or sheets containing rectifications made 
before this Authority (see Rule 70,16 and Section 607 of the Administrative Instructions under the PC I ). 

These annexes consist of a total of 20 sheets. 



3. This report contains indications relating to the following items: 

I S Basis of the report 
Priority 

,Non-establishment of opinion with regard to novelty, in 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 
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VI 
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VII 
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the report sinc0 they do not contain amendments.): 



Description, pages: 

-I -13 as originally tiled 

2,-10 as received on 



07/ 1 0/1 998 with letter of 



07/10/1998 



Claims, No.: 
1-16 



as received on 



07/1 0/1 998 with letter of 



07/10/1998 



Drawingsi sheets: 

-1/9-9/9 as received on 



07/1 0/1 998 with letter of 



07/10/1998 



2. The amendments have resulted in the cancellation of: 

11-12 



pages: 
Nos.i 
sheets: 



IS the description, 

□ the claims, 

□ the drawings. 

considered to go beyond the disclosure as filed (Rule 70.2(c)). 



4. Additional observations, if necessary: 



IV. Lack of unity of invention 

1 . in response to the invitarlon to restrict or pay additional fees the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 



Form PCT/lPeAM09 (Boxes l-viil. SheeM) (January l 



INTERNATIONAL PRELIMINARY ^.o-^/r^QQv/n-. 
EXAMINATION REPORT International application No. PCT/ (j bbj //Q 1 1 



□ neither restricted nor paid additional fees. 

2. a This Authority found that the requirement of unity of invention is not complied and chose, according to Rul 

68.1 , not to invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of Invention in accordance with Rules 13.1, 13.2 and 13.3 is 

□ complied with. 

H not complied with for the following reasons: 
see separate sheet 

4. Consequently, the following parts of the international application were the subject of intemational preliminary 
examination in establishing this report: 

^ all parts. 

□ the parts relating to claims Nos. . 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicabil'ity; citations and explanations supporting such statement 

1. Statement 
Novelty (N) 

Inventive step (IS) 



Yes: 


Claims 


1-16 


No: 


Claims 




Yes: 


Claims 


1-16 


No: 


Claims 




Yes: 


Claims 


1,4, 6-16 


No: 


Claims 


(2, 3, 5) (?) 



2. Citations and explanations 
see separate sheet 

Vlil. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

s separat sh t 
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EXAMINATION REPORT - SEPARATE SHEET 

1 . Citations 

The documents mentioned in the present International Preliminary Examination 
Report are numbered as in the search report, i.e. D1 corresponds to the first 
document of the search report etc. It is noted that D9 could be considered prior 
art under Art 54(3) EPC, should the present application proceed to the European 
Regional Phase. 

2. Lack of Unity (Section IV) 

The present set of claims is clearly not unitary. The following inventions can be 
identified: 

(1 ) Claims 1 -2 Use of galanin agonist to treat nerve damage 

(2) Claims 3-6 Use of galanin agonist to treat Alzheimers or to improve 

memory or cognitive functions 

(3) Claims 7-16 Transgenic animal or cells and uses thereof 

See also section 3.2. 

Nevertheless, to facilitate proceedings at this stage all of the inventions have been 
examined together. 

3. Reasoned statement on Novelty, Inventive Step and Industrial Applicability 
(Section V) 

3. 1 Novelty (Art.33(2) POT) 

Claims 1-16 appear to be novel 

3.2 Inventive Step (Art.33(3) POT) 

Claims 1-2 relate to the use of a galanin agonist to treat nerve damage. D4 
recognizes that galanin may be important in peripheral nerve injury (bottom 
p.313). No more specific statements to this effect are found in the prior art. 
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Hence, claims 1-2 appear to be inventive. 

Use of an agonist of galanin to enhance cognitive function and treat Alzheimers 
appears inventive since the prior art teaches the use of an antagonist instead 
(claims 3-6). 

Claims 7-16 relate to transgenic animals / cell lines, which have at least partially 
deleted galanin genes, and uses thereof. Although it is technically trivial to create 
such a transgenic animal / cell line, none of the prior art documents suggested 
doing so. Indeed the use of modulators of galanin activity to study galanin 
function was well established as the method of choice. Hence, claims 7-16 can 
be considered inventive. 

3.3 Industrial Applicability (Art.33(4) PCT) 

For the assessment of the present claims 2, 3 and 5 on the question whether they 
are industrially applicable, no unified criteria exist in the PCT. The patentability 
can also be dependent upon the formulation of the claims. The EPO, for example, 
does not recognize as industrially applicable the subject-matter of claims to the 
use of a compound in medical treatment, but may allow, however, claims to a 
known compound for first use in medical treatment and the use of such a 
compound for the manufacture of a medicament for a new medical treatment. 

4. Certain observations (Section VIII) 
4.1 Clarity (Art.6 PCT) 

Spelling - claim 16 "over_secretion" 
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